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FOREWORD

This document constitutes the final report of work performed for the Marshall
Space Flight Center under Contract NAS8-21050 by the Lockheed Georgia
Nuclear Laboratory. The report describes the response of Pegasus micromete~

orite panels and electronics to a simulated space electron environment.
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ABSTRACT

. Thé implementation and performance of a series of tests to determine the effects of a
~ near space temperature and radiation environment on the Pegasus micrometeorite de-
tection system is 'des«:t;ibedo A discussion of detector panel response to induced
charges is also presented. Analyses of test data indicates little degradation of sys-

tem data due to environmental changes.



1.0 INTRODUCTION

In order to collect data conceming micrometeoroids, the National Aeronautics and
Space Administration has deployed a group of earth orbiting satellites (Pegasus Pro-
ject) utilizing the capacitor discharge technique to detect micrometeorite "hits."
This velocity dependent discharge waveshc':pe coupled with satellite orbital attitude
“information is used to determine parﬁcle size, véloci’ry, and direction of travel.
Close examination of the available Pegasus data revealed the possibility of not only
- *hits® being detected but also a spontaneous discharge phenorﬁenon thought to be
produced by electrons trapped and stored within the mylar dielectric of the detector
panels. This theory was confirmed Ly LCNL personnel in an earlier test series uiii=
izing a standard Pegasus panel subjected to a near space electron spectrum (Figure 1).
It was the results of this investigation (documented in engineering report ER-8582,
“Radiation Effects on Composite Sfrucfures,‘ " Contract NAS8~20206) which brought

forth the many questions this second and third series of tests will endeavor to answer.

Section 3.0 covers the second series of tests and concerns the detector panels as a

subsystem dealing primarily with the fo”ov‘/i‘ng:

(1)  The effects of temperature ,(-:md radiation cycling simulating the Pegasus
environment, )

(2)  The effect of the foam separator material in the electron breakdown phe-
nomenon,

(3) Buildup time from onset of radiation until breakdown pulses occur.

(4) The correlaﬁonj, if any, between the pulse heights and breakdown areas
by limiting the area of irradiation,

(5) A cursory investigation of the responsé of the Pegasus electronics and the
effect of multi-breakdowns on the monitoring circuits. (This is covered

‘more completely in Section 4,0).



In an effort to quantitatively determine the effects of space radiation on the Pegasus 1

panel - electronics combination. A third test series described in Section 4.0 was

proposed as a contract extension. These experiments were approved and later defined

in a joint Lockheed~MSFC meeting.

The tests all vtilized the Pegasus electronics and involved the following:

(M
(2)
©)

A4

Determination ot electron induced pulse rate as a function of temperature.
Determination of pulse spectra during warm=up cycles.,
Pulse record during radiation cycling at a constant low temperature,

Pelie record during simulated orbita! radiation ond tempzicture = cling.



2.0 SUMMARY OF RESULTS

The test specimens were standard 20* x 40" Pegasus panels having 25 mil mylar insu-
lation and aluminum backings of 8 and 16 mil fhi ckness. These panels were mounted
within a temperature co'm‘rollved portion of a large vacuum chamber (Figure 2}, A
remotely controlled 62 mil stainless steel electron shield was deployed between the
panel and the source plague enabling radiation cycling. The temperature of the en-
tire assembly was varied and controlled from ambient to ~62°C while éubjecfed to an

atmosphere of 10“6 torr.,

The first sciies of test objectiver weore Investigated simultancously while oihars e -
quired special procedures. The results are listed in the order of questions presented

in the introduction,

(1) The overall effects of temperature and radiation cycling simulating the
Pegasus orbital environment were negligibie. The panel could be *con=
ditioned, * however, to produce anomalies in pulse production. If, for

‘instance, the panel were subject fo prolonged radiation ot a given fem=-
perature, subsequent radiation cycling would result in o decrease in pulse
production and amplitude. Increasing the temperature of the panel after

being radiated would increase pulse production and amplitude.

(2)  All tests indicate the foam sandwich material can be disregarded as o

contributor to pulse production. .
| :

(8) No correlation was found between time to pulse buildup and temperature
in the =32°C to -62°C range. The process appeared to be randem with
the first pulse appearing from ten fo thirty minutes after onset of irradia-
tion. Discharge persisted for approximately seventeen hours after the ra=

diation shield was introduced with the pulse rate and amplitude being



)

“)

‘random in nature,

~ The pulse output spectrum of four panel sections having different exposed

cross sectional areas were compared. The spectrums were similar and in-

dicate no connection between panel size and pulse occurrence or amplitude.

As expected the Pegasus electronics was capable of verifying a radiation
induced pulse. It is also capable of ¥seeing™ the panel discharge caused
by temperature changes. This phenomenon was investigated further and

described more fully in the next test series.

Tests with the Pegasus electronics and panels yield the following. conclusions:

(1

2)

(3)

4)

)

There is no specific temperature in the range of 0°C to ~60°C where an
P p

increase in detected pulses can be expected.

Some low level pulses will be verified without giving an indication on the

lighting circuits (power supply = panel identification),

Pulse production caused by short term radiation exposure is not detected.

Discharge pulses produced by some means other than temperature or nuclear
radiation are detected with sufficient ampiiivde v 1.igger the indicator

circuits.

Since only one panel was connected in our experiments and multiple chan-
nel light indications were recorded it is assumed there must be some cross
coupling within the electronics package (in some cases the correct chan-

nel would not be indicated but an erroneous one would).



(6) The channel light indications are accumulative in that if they are not re= ‘

~“set additional lights will come on as large verified pulses occur,

It is felt that the normal Pegasus orbital temperature and radiation cycling cannot be
considered a continual or predictable source of erronecus *hits.* There appears to
be a strong possibility, however, that some other phenomena such as electromagnetic
or electrostatic discharge could be of concern. This and the actual operating char-

acteristics of the electronics package warrant further investigation.






3.0 PANEL RESPONSE EXPERIMENTS

This series of tests was designed to provide additional information on the electrical
response of the micrometeorite panel to an electron radiation exposure similar to that

encountered in its normal earth orbit.
3.1 TEST DE‘SCRIPTION

The panels to be evaluated were mounted in the temperature controlled vacuum cham-
ber while connected, by special fittings and cable, to_the external monitoring system
depicteu in Figure 5, A Llockhced desiyied pulse inverter and channel spliticer was
_built to properly match the input of the spectrum analyzer,

The foam separator analysis was performed first, with the pane!‘ connected as in Figure
6. Two sixteen hour runs were rﬁade under each condition shown, the first enabling
charges prééem‘ I both the foam and mylar to be recorded and the second detecting

the mylar breakdowns only. The panel temperature was maintained at -62°C.

The buildup time measurement was taken next. The panel was cooled to -50°C in a
10-6 torr vacuum. As the electron shield was removed the panel temperature de-
creased further to -62°C. Repeated runs were madée under this configuration with the
time span from the onset ofk radiation fo the first pulse being recorded. This series
was then rerun while the temperature was varied in steps between ~62°C and 3258

- to determine if any temperature dependence existed within this range. Before each

test run the panel was heated to 23°C to release any stored charges within the mylar.

The third experiment of this series was designed to determine the correlation, if any,

between the maximum amplitude and the panel area exposed to radiation,



It hc:d been found from prevuous observqﬂons that the panel asa whole does not

break down, bui’ highly . localized areas of space chqrge are respons:ble for its ouf- :
puff; The maximum qmphfude pulse seen has been on the order of 2.5 to 3.0volts,
From this data and existing theory it was posfulated that the largest radiated area ra= -

quired for breakdown analysis was in the range of 2.5 square centimeters. |

- To accomplish this task, a standard 20” x 40*, 16 mil aluminum Pegasus panel was
etched info four separate capacitors using a solution of sodium hydroxide to remove
the aluminum from the mylar. Each of these capacitors represented essentially the |
same ared bs shown in Figure 3. An electron shield was then fobricated from 62 mil
aliminuin and divided into four quadrants, euch representing the arac over cne of
the four etched capaci’rors. Holes were drilled in each of the shields four quadrants
limiting the area of pahel exposure to 0,100, 0.242, 0,599, and 1.267 square centi-
meters (Figure 4). The shield was then mounted flush with the four section Pegasus
panel. Individual coaxial cables were run from the four capacitors to the instrumen=

tation area.

The chamber temperature was lowered to ~62°C with each panel being monitored to
obtain *individual® pulse height spectrums. Since the fotal capacitor area had been

reduced it was necessary to extend the irradiation time to 72 hours.,

The series of evaluations, that of radiation and temperature cycling, was carried out
over an extended peiicu of .*me employing increasing and decreasing temperatures
and various panel condirioning techniques. The monitoring arrangement was, again,

that of Figure 5,

- The final data run involved the Pegasus micrometeorite detection system (Figure 7)
and a 16 mil detector panel. This panel (at -62°C) was exposed to radiation for a
period of several days. Four to six ®hits" were observed over each 24~hour period.

. The :‘rddiqﬁ‘on was then removed from the panel by imposing a shield between it and



the source, The system was again allowed to opércxte for several days during which ,
no "hits” were observed. The panel wes then exposed to radiation.cycling for 10

minutes out of a 110 minute cycle.

No *hits" were observed, buf because this experlmem‘ could not be carned cm!L prop=
erly, the resulis are not considered conclusive, The principle compromise was that
the cycling could only be carried out during the working day resulting in relqhvely
few ’c'ycles. Following this experiment, the radiation wds stopped- and the tempera~-
ture control turned off allowing the panel to gradually warm up fo room temperature.
At some point during the warm=up cycle, a *hit" was observed. It was found in pre-
vious phases of the project that wauy iuw voltage pulses occurred when the punei

was allowed to heat up following radiation éxposure. Evidently one pulse was of
sufficiently high voltage to "count" on the Pegqsus~e|ecfronics. The results of the
test indicate that further work was required to quantitatively determine the effects

of space radiation on the Pegasué electronics.
3.2 DISCUSSION OF PANEL RESPONSE

The formation of negative space charge regions in solid dielectrics during exposure
‘ b The

theory of the trapping of injected electrons, and subsequent spontaneous release of

to a flux of high energy electrons has been substantiated experimentally.

trapped charge, in Mylar has been treated in the liferature.]"z The observed phe~
iwomena cannot readily be interpreted in terms of macroscopic electrical properties
such as volume resistivity or dielectric constant but would seem to be related to
charge storage capacity associated with existing traps or radiation induced traps
‘with‘ sufﬁcient densify and at deep enough levels to permit regions of space charge
to exist. The distribution of traps should be somewhat exponential wnh a density in

. the mnge of 107 o 10 ol per CUbIC cenhmeter.3

~ Various techniques have been employed in the investigation of radiation induced



~ space charge build-up in solid dielectrics. Solid diel_ecfri‘cs have beén ir_rvodiqfed

and then a sharp grounded probe qﬁp!ied to the surface fo initiate charge release .4_ :
Photographic records of charge build=up in Lucite have been obtained 95 In Reference
5 it is particularly interesting to note the apparent reduction in the electron range in
the Lucite as a retarding electric field builds up in the block. Dielectrics have been
electron irradiated and then given a heat treatment to induce discharge aé Expeﬁmeﬁ-—

 tal investigation of capacitor type structures have also been performed.

In much of the preceding work on space charge.‘ build~up in solid distectrics sithar
the dielectric was of a sufficient thickness to completely stop the incident electrons
or the e".:'cf"ron energy was cdjusted so that slectrons would be completz!ly ~ksorbed
within the available dielectric thickness. In either case the 'qmounf of deposited
charge was maximized. It has been determined that the maximum cﬁorge is deposited

within the dielectric if the range of the incident electron is approximately one~half

the dielectric thickness.

Our test series, of course, utilizes an aluminum mylar, copper structure (Figu‘re 16)

exposed to a 90 Sr source whose Beta spectrum is shown in Figure 17,

The electrons are incident on the aluminum electrode of the capacitor pane! (Pegasus
Micromefécrife Detector Panel). Only those pulses arising from the spontaneous de=
cay of charges trapped in the dielectric of the capacitor nearest fo the electron source
were recorded. Uslag Leta  article range theory the energy loss of the primary elec-

trons as they travel through the capacitor can be calculated.

 For 0.0l £ E = 2.5MeV

R = Arpg!e265- 0.0954TnE
InE = 6.63 - 3.2376 [10.2146 - 1nR]”?

Where R = k»Range in mg/cmz.

rm
i

Maximum energy, MeV.

10



However, a knowledge of the energy deposition due to primary electrons alone is

not sufficient. When electrons travel through a medium they loose energy by excita~

tion, ionization, and bremsstrahlung. These processes may and do contribute second-

~ ary electrons to be considered in the overall charge deposition scheme. The brems=-

strahlung or x~rays will be attenuated through the production of Compton and photo-

electrons.

A thorough consideration of the electron flux incident on the capacitor yields the

following rather complicated picture of the capacitor panel in an environment of

energetic electrons and x=rays.

M

. (2)

®3)

(4)

()

Electrons with energy ~ approximately 426 keV are stopped in the 0.4 mm
Al electrode (for 0.2 mm electrode, E < 240 keV and for 0,04 mm Al
electrode, E = 162 keV).

Primary electrons with E > 427 keV plus secondary electrons (Compton

electrons, photo-electrons, recoil electrons) plus x=rays enter the mylar.
Electrons with energy < approximately 19 keV are stopped in the mylar.
X-rays are attenuated in the mylar, Traps in addition to those initially

present are created. Some traps are filled,

Electrons and x-rays are backscattered from the copper electrode and

other surrounding materials into the mylar,

Electrons with energy < approximately 20 keV are stopped in the copper

- electrode.

Primary electrons penetrate the entire panel and backscatter into the cop=-

per electrode where x-rays and secondary electrons again are created and

11



“scattered toward the mylar.’

Baﬁéd on the prebeding breakdown it would not be unreasonable to assume either @

- uniform trapped charge densify‘fhrougﬁouf the dielectric or a trapped charge densit‘y l

that would be greater near the two electrodes than at the center of the dielectric,

It could be assumed that the effect of the primary electrons, most of which are suf=

: ficiently énerge’riy; to penetrate the entire dielectric, plus the profusion of secondary
radiations could result in a homogeneous charge distribution. It could also be argued
that the range of the secondary radiations is not s_ufﬂc:iemL to penetrate through the.
entire dielectric and since the secondary radiations originate on each side of the di-
electric ihai a greater space chuige weold build up near each electrode. Fuiitie
experimentation to define the characteristics of the secondary radiations is required

before any definitive conclusion can be reached.

The physical thickness of the my'(lar dielectric is 0.6 mg/c:m2 using beta particle range
”rheor‘y this thickness is equivalent to the range of a 19 keV electron. However, since
a large retarding electric field does build up then the effective thickness of the di-
electric may be much greater. This would result in the deposition of a larger charge

than predicted by the conventional fheory;

Experimental evidence coile‘Cfed ihdiéafes that the mechanism of trapped electron dis=
chc;rge may be considered as a ;‘wo stage process. The simplest model assumes that
clectrons are trapped within the dielectric and a uniformly distributed space charge
builds up. This uniform charge will build up to some level at which the associated
electric field will exceed the breakdown strength of the dielectric and a discharge

to one of the capaci tor electrodes will occur. “The maximum discharge pulse observed
was on the order of two volts. This indicates that the entire dielectric did ot reletss
it's charge but that indeed a localized small area breakdown occurred. An essential~

ly complete spectrum of discharge pulse amplitudes up fo the maximum amplitude was

~ observed. For localized bredkdown the amount of charge i’iBerdfed is probably confined

12



to the region near a defect sihce the intrinsic characteristics of the dielectric will
only be affected in a finite region around the defect. Repetitive pulsing in which

" as many as three pulses occurred in less than 10 milliseconds was observed. This |
further substantiates the small are breakdown theory since the maximum pri"mary
electron flux is approximately 5 x 108 e/cmz/sec and sufficient recharge time had
not elapsed. The first stage of the dfschargé process is then considered to be a re-
lease of trapped charge to the capacitor electrode. The discharge occurs in finite
time and it is assumed that the time required is a characteristic of the mechanism
which caused the discharge. The second stage of the process then is simply a return
to equilibrium by capacitor discharge through the load resistor with the characteris-
tic RC time constant,. Variation of the ioad up 1o 10 k ohms affected the discharge

time only.

The aluminum electrode of the capacitor was connected to the pulse recording elec~
tronics and the copper electrode grounded. With this configuration the number of
negative pulses observed was greater than the number of positive pulses. However,
the pulse rate was rather low and this observation may be a problem of statistics.

If this observation were correct then a non-uniform space charge distribution could
be postulated. In the case of the metal-insuleiormeral capacitor structure where
dissimilar metal electrodes are used the shape of the potential barrier will be trape=-
zoidal. Significant changes in the barrier could be caused by the addition of trap=-
ped charges near the elecfrodes.9 This could possibly have an effect on the positive

to negative pulse ratio,

A temperature effect on pulse rate was also observed as an increase in pulse rate wh‘h‘

decreasing temperature down to the minimum -62°C attained in this test. This may

be attributed to the electrical condu‘éﬁ‘vity #J" which has the temperature dependence
predicted by k

13



where E is the activation energy. The temperature effect could also be associated

with the deactivation of trapping sites as the temperature is reduced.

The effects of polorizaﬁoﬁ of the dielectric by an applied field have not been con~

" sidered in this effort. No bias was applied therefore no net internal polarization

should be present,

The study of space charge buildup and spontaneous discharge in mylar capacitor struce
tures should be carried forward as a fundamental research project aimed at a charac-

terization of the various contributing phenomena.

14



4.0 PEGASUS ELECTRONICS AND PANEL EXPERIMENTS

' The Pegasus electronics was connected to the micrometeorite panels for all of the fol-
lowing tests. A 16 mil panel was used and in difference to the prior tests, the copper
side of the panel was connected to the center conductor of the coax and the shield

was to the aluminum, All data was taken with the panel in a biased condition,
4.1 HARDWARE ARRANGEMENT

To facilitate the measurement requirements a number of modifications to the test sys=
tem werz made. Figure € depicts the Parasus panel mountirg used in the environmea-
tal chamber,

~In an effort to reduce the panel temperature variations when the radiation hisld wes
removed an accordion type folding screen was employed. This screen col’lcpyses to

the bottom of the inner chamber to expose the Pegasus panel to the rcdiaﬁoﬁ source.,
A finned radiator was added between the shutter and Pegasus panel to imprové the

. panel to chamber temperature response time.

The environmental temperature control sensing thermocouple was attached directly to
the Pegasus panel to ensure proper temperature settings. (The system is normally con~
trolled by the circulating brine temperature which responds faster than o test item

within the chamber),

An automatic temperature and radiation cycle control unit was constructed to enable
tests to be run continually. "Hit" monitoring circuitry was changed as shown in Fig-

ure 9,

5



4,1,1 Pre=Test Hérdwqre Evaluation

In setting up and adjusting the equipment a number of inferesﬁng hardware character-

istics were noted and taken into consideration when evaluating the data.

_ There are three "hit" threshold levels within the system. These levels are dependent
upon panel discharge wave shape and can only be approximated as to their amplifude.
" The first is the level which can be detected By the pulse inverter and subsequently
recorded. This lies at qbodf 0.3 V. The second is the point at which the Pegasus
electronics will produce a "pulse veﬁfy“ output without any signal lights illuminated,
Thiz threshold is about 1.0 V. The ihivd leve! cf dbout ],.2 volts will produce a signal

light indication and a pulse verify.

The panel seemed extremely sensitive to electromagnetic interference, A fractional
horsepower squirrel cage induction motor mounted outside the temperature controlled
housing but within the vacuum chamber (See Figure 8) will, when energized, couss

t’he panel to discharge sufficiently to produce both a pulse verify and signal light

condition.

To maintain temperature within the chamber the environmental control system cycles
a valve in the refrigeration compressor. This valve is outside the vacuum chamber
and about fifteen feet away: Cycling of this valve causes the panel to discharge at
an amplitude sufficient to be recorded. This dischargy iz.ct & tected by the Pegasus

electronics,

4,2 DISCUSSION OF PANEL PLUS ELECTRONICS EXPERIMENTS

~ In the following section each test is described and discussed separately.

16



4,21 Temperature Versus Pulse Rate

The panel tempercﬁure was vari ed in 10°C sfeps from 0 C to ~60 C. At each of fhe
temperatures 0, -~10, ~20, -30, -40, -50, and ~60° C, the breakdown pu!se rate was
determined with ample time bsing allowed at each step to assure that charge eqm-»

librium had been rgqched.

: Flgure 10 dlsplays the :elahonshup between the total numbet of pulses recorded and
the verified pu!ses over the required temperature rcmge. Aithough the two curves
are not similar in shape they do verify earlier conclusions that under a constant radi-
ation environment the pulse rate tends fo increase with a decreose‘ in iewmpciature

with the majority of the pulses being low level.
4,2.2 Spectrum - Temperature
Six pulse height spectrums were obtained under the following conditions.

a. The pane! was irradiated for at least 8 hours at -40°C. The radiation
shield was then closed and the panel heated at maximum rate until its
temperature reached +40?C, During this heating cycle a pulse height

‘ spectrum was obtained., |

b. sameas o except heated to +20°C,

c. same as a sxcepi tected fo 0°c.

d.  some as a except started at ~20°C and hvs—zc-t‘ed to +40°C.

e. same as d except heated fo +20°C,

f.  same as d except heated to 0°c.

Before each of the six temperature cycles run for spectral analyses the panel was al-

lowed to stabilize at the lowest temperature of the cycle for sixteen hours.

17



Figure 11 is a graphical representation of the data obtained. Each chart shows the
. temperature change versus time, the number of pulsés recorded during ten minute in=

tervals, and the total number of pulses verified by the Pegasus electronics.

The pattern of each run is about the same regardless of s;fqrﬁng point with the pulse
rate increasing with an increase in temperature, The significant factor appears to
be the total time of the temperature cycle as depicted by the ~40°C to +40°C chart.

‘ Theré was, apparently, sufficient time for the panel to substantially discharge itself.

Figure 12 shows the pulse amplitude spectrum for each run. Of importance is the
tfact 1nat no pulses appear at the one solr threshoid jevel. As was stated before the
electronics package appears to be wave shape sensitive and accepted some of the
lower amplitude pulses as verified hits, The largest spectral response is in the léw

level pulses below the recorder threshold.
429 pedielion Oyeling

The panel temperature was lowered fo -60°C and a 90 minute off ~ 10 minute on ra-
diation cycling programmed. This test condition was then maintained for 64 hours.
Numerous low level hits were recorded. The only verified pulses observed were
those corresponding to shutter cycling transients. This run indicates that at a con-
stant fow temperature there is no increase in panel discharges as a result of short

time exposure to a high leve! radicactive environment.
4.2.4 Radiation and Temperature Cycling

The panel temperature was stabilized at ~60°C and then heated at maximum rate to
+40°C whereupon recooling commenced to return the panel to ~60°C. During this
temperature excursion the radiation was cycled on a 10 minute on, 90 minute off

basis. "Hits" were recorded continuously, This run proved te he a verification of

-

18



those preceding it. The temperature and radiation were cycled automatically and
cdnﬁnﬁously for a two week period. As before the most significant change was due
"to temperature and manifested itself as an abrupt increase in pulse production as fh}e‘
' temperature started to increase with a gradual tapering off as the panel lost its charge
(Figure 13). As the panel temperature was lowered the 'n’umber‘of low level pulses
sfarfed to increase (Figure 14). There were several *hits” verified by the electronics
package each day but these were random in nature with none occurring during an ir-

radiation period.

. One exception to the case is shown in Figure 15, In this run, which took place dur-
ing ihe uighi, a momentary powzi Suilcic dropped out the refrigeration sysicin which
allowed the panel temperature to increase slowly while the radiation continved cy-
cling . The discharge rate still followed about the same curve with an increase and
then a gradual tail off but interestingly there was a discernable increase in rate dur=
ing the irradiation periods. This was not repeated in cm;/ of the other runs nor were

there any unusual verified hits,

19
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